Cells infected with temperature-sensitive mutants of adenovirus type 5 have been studied by electron microscopy. The results indicate a relationship between the formation of intranuclear crystals and the expression of adenovirus fibre antigen.
4o8 Short commzmications On: Wed, 02 Jan 2019 21:50:54 Short communications 4o9 chilled 2"5 ~o glutaraldehyde buffered to pH 7"4 in o.~ M-sodium cacodylate, and stored for 2 to 3 days until the results of the serological tests were known. The specimens were then rinsed in o.I M-sodium cacodylate-o.z5 M-sucrose solution, pH 7"4, treated for I h in phosphate buffered osmium (Millonig, I96I a) , dehydrated in a graded series of alcohols and embedded in Epikote 812, essentially by the method of Luft 0960. Thin sections were contrast stained in alcoholic uranyl acetate (Watson, 1958) followed by alkaline lead solution (Millonig, ~961 b) .
Examination of cells infected with wild type virus revealed large numbers of virus particles, many of them forming virus crystals, in more than 9o ~ of cell nuclei at 38"5 °C. At 33 °C there appeared to be less virus, though this was not quantitated. A small number of cells also contained scattered virus particles within the cytoplasmic matrix and inside small cytoplasmic vacuoles. Intranuclear crystals were present in many of the nuclei containing virus at 38"5 °C and in fewer nuclei at 33 °C; they were identical with those previously described in association with adenovirus type 5 and varied in appearance according to the angle at which they had been sectioned (Fig. I) .
Virus particles were present in over 9o ~ of cells infected with the ts mutants when incubated at 33 °C. As in cells infected with the wild type, virus particles and virus crystals could also be found in the cytoplasm. However, at the restrictive temperature virus production was diminished, both in terms of the number of nuclei carrying virus and the number of virus particles actually present. This was particularly striking with ts 36 and ts ~7, in which only occasional virus particles were seen in about 3 to 6 ~o of ceils at 38"5 °C.
Crystals were present in moderate numbers of cells infected with the mutant ts 36 (no capsid antigen expression at 38"5 °C) at 33 °C (Fig. 2) . However, at 38"5 °C only one crystal was seen in the 2oo nuclei examined; no virus particles were found in this nucleus.
In both the Group III mutants (ts 9 and ts I3: no fibre antigen expression at 38"5 °C) crystals were extremely rare, being observed in about 2 ~ of nuclei at both temperatures. It should be noted that even at the permissive temperature, cells infected with these mutants produce only about 5 ~ of the fibre antigen detected in cells infected with wild type virus (Russell et al. I972) at 33 °C.
In cells infected with ts 27 (no hexon antigen expression at 38"5 °C) two-thirds of the cells containing virus at 33 °C carried intranuclear crystals, and occasional cytoplasmic crystals were also seen in both cell lines. However, despite the virtual absence of virus particles at 38. 5 °C many cells showed the nuclear changes characteristic of adenovirus infection (Morgan et al. 196o; Le Buis & Bernhard, I967) , and intranuclear crystals were frequently observed at this temperature (23 ~ of the total cell population in one experiment).
The results of these experiments are summarized in Table I . Russell et al. (I972) have established that the rate of virus replication by the wild strain at 33 °C is lower than at 38-5 °C. The present results demonstrate a similar effect of temperature on crystal formation. Furthermore, it is apparent that the final assembly of crystal subunits is often either defective or delayed at the lower temperature since the nuclei of many cells infected either with the wild strain or ts mutants often contained irregular intranuclear inclusions (Fig. 3) , which, at high magnification (Fig. 4) , were seen to include randomly orientated particles, sometimes aggregated into short columns or rows, identical with those forming the more usual regular crystal lattices (Fig. 5) . The morphology of these subunits (Fig. 4) is consistent with our earlier conclusion (E. J. O'Brien, P. M. Bennett & E. J. Wills, unpublished observations) that the crystals are composed of spherical particles, and not tubules as others have previously described. At the restrictive temperature the results with the ts mutants indicate a relationship between crystal formation and capsid or 'late' antigen synthesis, in that cells not producing these antigens (with ts 36) did not form crystals. More specifically, the results with the other mutants show that the crystal formation is related to fibre, not hexon, antigen expression (see Table I ). Lack of the appropriate mutant has prevented us from obtaining direct evidence that the penton base is also involved, as has been suggested by E. J. O'Brien, P. M. Bennett & E. J. Wills (unpublished observations). It should be stressed, of course, that we are also unable to state with certainty that the crystals are themselves composed of fibre or penton components. The findings fail to support any association between the crystals and core components (Marusyk et al. i972 ) since the latter (and P antigen) are produced in cells infected at 38"5 °C with the Group III mutants (Russell et al. I972 ; W. C. Russell, J. Skehel & J. F. Williams, unpublished observations). Marusyk et al. (I972) found that crystal formation is not dependent upon the assembly of complete virus particles. Our results agree with this observation, since it is apparent that although the hexon deficient mutant ts I7 is unable to form virus particles at 38"5 °C, crystal formation can still take place. These findings also confirm the previous results using biochemical techniques (Russell et al. I972 ) that some assembly of particles at the restrictive temperature takes place with Group III mutants, but not with mutants which are unable to form capsid (ts 36) or hexon antigen (ts I7).
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